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(57)Abstract: 

PURPOSE: To obtain a (meth)acrylic acid ester which Is inexpensive and capable of 
being stably supplied and to provide a production method therefor. 
CONSTITUTION: This invention provides a glycerol-saturated aliphatic acid and 
(meth)acrylic acid ester obtained by binding glyceryl group with a (meth)acrylic acid 
and a saturated aliphatic acid, a method for estertfication of a glyceride with 
(meth)acrylic acid and/or (meth)acrylic acid derivative by the use of an immobilized 
lipase and a method for esterification of a higher alcohol with (meth)acrylic acid 
and/or (meth)acrylio acid derivative by the use of the immobilized lipase. The 
objective ester can be produced in a safe manner and at a low cost, has excellent 
ftjnctions and can be used as a paint, ink, tacky adhesive, adhesive, crosslinking agent 
or reactive component for film, etc.. and rubber modifier. 



n 



• : ■ . V r p ,T 



(i9)0*ii»#FJ? (J p) (12) & 19 i|# ^ ^ (A) mmwom&mm^ 

#W¥6 -336457 

(43)4iMH ¥J5g6lF(1994)12fl6B 



(SDIntCL'' 






P I 




C 0 7 C 09/54 


Z 


9279-4H 






C 1 2 P 7/63 




7432^48 






7/64 




7432-4B 














*sii« iiii3fiJH«>«t4 OL <± 5 m 








<7i)taiaA 


000236768 














^1*5^(1993) 12^22B 




i<.Si^izMftt^*^iBSii^9 2 Ta 1 # 5 














♦HIP?5-953S8 








<32)«5teB 


^P5(1993>3^30B 






'^w^mimmmmm<f>f^ 5-5-1 




0* (JP> 






mm 










3£a{«:ll:4S®as^'&l»rmW#2 -4-16 








<72)«Wt 















(57) 

y /i-mif h o:^-!]! y if Steffi u-co:.;^ 7=- 
-fi^^^. iHSif^Jv 7>f/!-A^o?i§ 



Counterpart of reference 



Europelfsches Patentamt 
European Patent Offic© 
Office europden des brevets 



liiiiiiiiiiiiiiiiii 

0 Pubifcatlcai number 0 407 959 A2 



® 



EUROPEAN PATENT APPLICATION 



(jj) Appflcatlon number: 90113135*9 
<g) Date of fHrng: 10.07.90 



@ Int. 0\S C12P 7/64 



(g> Prforfty: 11.07.^ JP 173674/89 
09.11^9 JP291719/&9 

® Date of publication of application; 
18.01.91 ^iletin 91/03 

® Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SE 



<5> Applicant: LION CORPORATION 
3-7, Hon]o l-chome 
Sumida-ku Tokyo(UP) 

@ Inventor: Kitano, Kyozo 

No. 1-3-402 AkItSU 2-ohom0 

Narashlno^sHi, Chlba-ken(JP} 

EnventcNT: Iwasaici, Ryozo 

No. 5-18-404 Takahama 3-chome 

Chiba-shf, Cfilba-ken{JP) 

Inventor: Mori, Nobuhiro 

Esteito Suzuki 103, Na t-3-10 Higashiowada 

Ichlkavm-shI, Chib8-ken{JP) 

Inventor: Sasamoto, Hfsashi 

Ookubo*ryo, No, 14-2 Ookubo 3-chome 

Narashtno-shft Chlba-ken(JP) 

Inventor; Akamatsu, Taku 

Ha 144-42 Mlnamfhonfuku-cho, Asah^ku 

Yokohama-shlf Kanagawa-ken(JP) 



® Representative: VossJus & Partnerner 
Siebertstrasse 4 P.Q- Box 86 07 67 
D-80D0 MUnchen 86(DE> 



m 
m 

rs 
o 



@ Process for producing polyd fatty acid monoesters, 

% A poiyol fatly add mcmoester can be produced wiU) an Industrial advantage at high synthesis ratio upon (1) 
mixing and reacting a saturated or unsaturated fatty acid having 6 to 22 carbon atoms or an ester of such a fatty 
acid with a lower alcohot having 1 to 3 carbon atoms and a polyol selected from glycerol and its derivatives, 
polyglycerol and its derivatives, ethylene glycol, polyethylene glycol, propylene glycol and polypropylene glycol 
or (2) mixing and reacting a glyceride oil or fat comprising a saturated or unsaturated fatty add having 6 to 22 
carbon atoms as the constituent fatty add aid one or more of the above polyols, vyHwreIn an enzymatic reaction 
Is conducted by usbig an immobilized thermostable lipase under the presence of a secondary or tertiary alcohoL 
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PROCESS FOR PRODUCING POLYOL FATTY ACID lUIONOESTHBS 

The present Invention relates to a process for producing potyol fatty add monoesters capable of 
synttiesJzing the monoesters by an enzymatic reaction using Itpase in a short period of time at high 
synthesis ratio and with high content. 

It ha$ been known that Hpase Is an enzyme of hydrolyzing a fat or an ester of higher fatty acid and also 
5 mat lipase causes a reaction reverse to the hyckolysis under apprc^riaie conditions ther^ synUteslzmg a 
poiyol fatty acid ester* 

As an enzymatic production process for a fatty acid monoglyceride by ulltizing the reaction reverse to 
hydrolysis with lipase, there has been proposed a me^od of synthesizing a glyceride from a fatty add ester 
of lower akjohoj and glycerol by using Itpase derived from Candida cylindracea (refer to Japanese Patent 

TO Laid-open Sho 59-118094 ax^ 59-11S095), a method of synthesizing giycerlde from a fatty add or fatty 
acid ester of lower alcohol and glycerol by using lipase derived from Pentcilllum cycldprum (refer to 
Japanese Patent laid-open Sho 61-181390) or a method of synthesizing a glyceride from oil and fat and 
glycerol by using an alkaline lipase (Japanese Patent Laid-open Sho 60-102192), 

Further, as another enzymatic production process for a poiyol fatty acid ester by utilizing tiie reaction 

16 reverse to hydrolysis with lipase^ there has been known a method of synthesizing a propylene glycol fatty 
acid ester from a fatty acid or fatty add ester of lower alcdioi and propylene gfycol by using lipase derived 
from Candida cyllndracea (refer to Japanese Patent Laid-Open Sho 61-14^99) or a method of synthesizing 
a polyglycerol fatty acid ester from a fatty add and a poiyglycenrf with an average polymerization degr^ of 
3 or greater (Japanese Patent Laid-Open Sho 61-187795). 

20 However, in any of the methods described above, the reaction is conducted in an aqueous emulsion 
system and, since the reaction products obey the rule of indrscrlminate distribution (Emulsifier for Foods, 
written by Tohru Hidaka. Pages 13 to 16), reaction products even In the case of synthesizing a 
monoglyceride of a fatty acid also comprises a mixture of glyceroi. monoglyceride, diglyceride, triglyceride 
and polygiycerlde and it is difficult to obtain only the monoglycenda at high purity. Accordingly, the poiyol 

26 fatty acid monoester can be formed only at a low content and at a poor yield in the reaction product. 

Further, although the reaction using the lipase proceeds at a low temperature and a poiyol fatty acid 
mcmoester of excellent quality with no thermal degradation can be detained by the method' described 
above, there is a problem that since the reaction rate Is extremely low as compared with usual chemical 
reaction, tt takes a long production lime and large reactor Is necessary to Increase the cost even if 

30 inexpensive lipase is utilized, thus making industrial application difficult In addition,- there is also a drawback 
that the superiority to the chemical reaction can not be ensured unless the monoester content is high* 

As a reacticw In the non-emulslon syst^, there has also been proposed a method of uslr^ lipase 
derived from Chromobacterlum viscosum and conducting ester syntheds at the interface between fatty acid 
and glyceroi (JAOCa, VoL 61, No. 4, April, 1984, Pages 776 to 781) or a method of synthesizing an ester 

3S by reacting a bacterial alkaline lipase under the presence of an organic solvent {Japanese Patent Laid Open 
Sho 61-257191 >, Although such a method can attain high synthesis ratio, it requires a reaction for long time 
such as more than arm day, to obtain synthe^s ratio of hl^r than 90% based on a reaction rate of fatty 
acid or fatty add ester and lower alcohol with 1 to 3 cartjon atoms. 

As described above, since conventional synthesis processes using lipase Involve the problems In view 

40 of reaction time, synthesis ratio, ete„ it is drffkiutt to synthesize poiyol fatty acid monoesters with an 
industrial advantage. 

It Is an c^ject of the present invention to provide a process for producing a poiyol fatty acid monoester 
by using an enzymatic reaction of lipase capable of synthesizing the monoester in a short period of time at 
a high synthesis ratio and with high monoester content in the reaction prockicts, 

46 The present inventor has made an earnest study for attaining the foregoing object and, as a result, has 
found that a poiyol fatty acid monoester can be produced with an industrial advantage at high synthesis 
ratio u|:K>n (1) mixing and reacting a saturated or unsaturated fatty acid having 6 to 22 carbon atoms or an 
ester of such a fatty acid with a lower alcohol having 1 to 3 carbon atoms and a polyoi selected from 
glycerol and Its deiivatives, polyglycerol and its derh/atives, e%lene glycol, polyeth^ne glycol, propyl^e 

60 glycol, and polypropylene glycol or (2) mixing and reacting a glyceride oil or fat comprising a saturated or 
unsaturated fatty acid having 6 to 22 carbon atoms as the constituent fatty acid and one or more of the 
above polyols, wherein m enzymatic reaction is conducted by using an immobilized thermostable lipase 
under the presence of a secondary or tertiary alcohol partteulariy, at a temperature higher than 40 ' 0, while 
removing by-products, preferably, such that the concentratfon of water or lower alcohol having 1 to 3 carbon 
atoms by produced in the enzymatic reaction is not greater than 0.5% by weight in the reaction system, 
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whereby the reaction proceeds in a short period of «me and a polyol fatty acid monoest^ can be obtained 
with Ngh content of the monoester in the reaction product 

Accordingly, in the first aspect of the present Invention, there is provided a process for producing a 
polyol fatty and monoester, wherein a thermostable immobilized lipase is acted under the presence of a 

s secondary alcohol and/or tertiary alcdioi on a mixture of a saturated or unsaturated fatty acid having 6 to 22 
carbon atoms or an ester of such a fatty acid with a lower alcohol having 1 to 3 carbon atoms and a polyol 
selected from glycerol and its derivatives, polyglycerol and its derivatives, ethylene glycol, polyethylene 
glycol, propylene glycol, and polypropylene glycol. 

In the second aspect of the present invention, there is provided a process for producing a polyol fatty 

w acid monoester, wherein a heat-reststant immobilized Hpase is acted under the presence of a secondary 
alcohol and/or tertiary alcohol on a mixture of a glycerlde oil or fat comprising a saturated or unsaturated 
fatty acid having 6 to 22 carbon atoms as the constituent fatty add and a poiyoi selected from glycerol and 
its derivatives, polyglycerol and its derivatives, ethylene glycol, polyethylene glycol, propylene glycol, and 
poiyprqjylene glycol, thereby conducting an ester exchanging reaction between them* 

15 Ftg. 1 is a schematic view of a device used for praducing a glyca^ol fatty acid monoester by usfng an 
enzyme coiumn, and 

Rg, 2 Is a graph illustrating the change of the amount of mcwioester fonmed with elapse of time in a case 
of continuously producing a glycerol fatty acid monoester for a long period of Bme in the device shown 
in Fig. 1. 

20 In a process for producing a polyol fatty acid monoester according to the first aspect of the present 
mv^tion, a fatty acid or its ester ar^ a poiyoi are used as the starting material Further, in the second 
aspect of the present invention, a glyceride oil or fat and polyol are used as the starting material. 

The fatty acid used in the present Invention is a saturated or unsaturated linear or branched fatty acid 
with 6 to 22 carbon atoms which may be substituted with hydroxy group, carbonyl group, phenyl group, etc. 

35 Specifically, the fatty acid usable h^in can Include, for example, caproic acid, sorbic acid, enanthic acid, 
caprylic acid, pelargonic acid, caprinlc acid, undecyllc acid, lauric acid, tridecanoic acid, myristic acid, 
pentadecanoic acid, palmilolekj acid, paimltlnic acid, margaric acid, stearic add, isosteaic acid, oieic add, 
linolic acid, [inolenic acid, nonadecanolc acid, eicosanic add, docosanic acid, docosenic acid, arachidonic 
acid, ridnoleic add and dihydroxy stearic actd. 

oo Further, as the fatty add ester, esters of the fatty acid with 6 to 22 carbon atoms as described above 
and lower alcohols with 1 to 3 carbon atoms, for example, methanol, ethanol and propanol are used. 
Specifically, filer© can be mentioned, for example, me^yi capronate. ethyl capronate, methyl caprinate, 
ethyl caprinate. methyl laurate. ethyl iaurate. propyl laurate, methyl myristate. ethyl myristate, propyl 
myristate, methyl palmltate, ethyl pafmitate, propyl palmitate, methyl stearate. ethyl stearate. propyl 

36 Stearate. methyl oleate, ethyl oieate. propyl oieate, methyl linoleate. ethyl linoleate, propyl linoleate. methyl 
linoleate. ethyl linolenate. propyl Knolenate, methyl elcos^ate, methyl arachldonate, methyl docosanate and 
methyl docosenate. 

The fatty acid constituting the glyceride oil or fat used in the present invention is a saturated or 
unsaturated linear or brandied fatty acid with 6 to 12 carbon atcKns which may be substituted with hydroxy 

40 group, carbonyl group, phenyl group, etc, for which the fatty acid as described above can be exemplified. 

Specifically, as the glycerol oil and fat, there can be mentioned, for example, edible burdock seed oil, 
dieny seed oil, pomegranate seed oil, safflowor oil. watermelon seed oil, soybean oil, soybean germ 
(embryo) oil, tabacco seed oil, surflower seed oil, sun tree (J^anese cypress) seed oil, mow^ oil. barley 
oil. barley bran oil, barley germ oil, pumi:M<in seed oil, sorghum oil, sesame oil, wheat oil, millet chI, corn oil, 

45 rape seed oil, carrot seed oil, rice bran oil, loofah seed oil. spinach seed oil. mandarin oil, cotton seed oil. 
rhy germ oil, apple seed oil, lemon seed oil. olive oil, olive hernef oil. coffee bean oil. peanuts oil, laurier 
nuts oil, cameilia oil, castor oil, nutmeg fat. palm oil, palm hernel oil, coconut oil, beef tallow, lard, horse 
tallow, pig external oil, pig perinephric fat, mutton tallow, buck tallow, quil taliow. goose tallow, pheasant oii, 
chicken liver ofl, chicken leg oil. wild dwk (mallard) oil. locust oil, chrysaHs oil. tortoise oil. bullfrog oil 

50 terrapin oil. sardine oil eel oil, bonito oil, salmon oil, mackerel oil, saury oil. herring oil, rainbow trout oil, 
yellowfedl oil, atka mackered oil. tuna oil. trout oil, shark liver oil. ray oil, silver shark liver oil, etc., with no 
particular restriction thereto. 

. In the present invention, on© or more of polyols selected from glycerol and its derivatives, polygiycerol 
and Its derivatives, eSiylene glycol, polysfliylone glycol. prcHsylene glycol and polypropylene glycol can be 

55 used. The derivatives of glycerol include organic add glyceroi such as acetic acid glycerol, lacUc add 
glycerol, citric add glycerol and succinic add glycerol* sulfonated glycerol, ethoxylated glycerol, and 
phosphated glycerol. The derivatives of polyglycerol include organic acid glycerol, sulfonated glycerol, 
e^oxylated glycerol, and phosphated glycerol. The polyglycerol should preferably have an average 
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polymerization degree of 2 to 22, more preferably 2 to 10, PoJyethylene glycol and poiypropylene glycol 
should preferably have an average polymerizatton degree of 2 to 40, mor& preferafoty 2 to 20. 

The mixing ratio of the fatty acid or its ester and the polyoi as described above 15 proforably form 0,1 to 
10 mol and, more preferably, 1 to Z moi of the polyol based on one mol of the fatty acid or its ester. 
5 "Hte mixing ratio of the giyceride oil or fat and the pofyol described above Is preferably from 0,2 to 20 
mol, more preferably, 2 to 6 mot of the polyol based on one mol of the giyceride oil or fat 

In the present Invention, an fmmobHized Uiermostable lipase is used for reacting the starting materials 
described above by utilizing the enzymatic reaction. 

Various l<inds of iipases can be used as the thermostable lipase so long as they have such heat 
10 resistance as possessing greater than 40%, preferably, greater than 60% and» more preferably » greater than 
95% of the residual activity after dissolving 50 mg of a lipase powder into 0.4 mi of a phosphoric acid buffer 
(0. ^My pH7) and then heating at 70' C fbr 30 m*n. For instarx^. ^rmostabl© lipase d^ved from Candida 
antarctica (sp-3S2, manufactured by NOVO Co.), thermostable lipase derived from Mucor miehei (Llpozyme^ 
manufactured by NOVO Co.). etc. are suitable since they have excellent heat resistance as apparent from 
1$ the result of experiments described later, with no restriction oniy thereto. 

As a method of immobilizing the thermostabie lipase as described above, any of the methods of carrier 
bonding, crossiinldng and inclusion may be used and, in particular, the carrier bonding method can be 
adopted suitably. 

In this case, as an immobilizing carrier, there can be mentioned, specifically, those inorganic materials 

so such as active carbon, porous glass, acidic white clay, bleached white clay, kaolinite, aiumina, silica gei, 
bentonite, hydroxyapatite, potassium phosphate and other metal oxides, natural polymeric compounds such 
as starch and gluten, synthetic poJymeric mateHals such as polyethylene, polypropyten, phenol-formaiin 
resin, acrylic resin, anionic exchange resin and catlonic exchange resin- in particuiar, synthetic polymeric 
material having porosity as the physical form, for example, porous polyethylene, porous polypropylene, 

2S porous phenol formalin resin, porous acrylic resin are used most preferably* in the present invention, 
various immobilizing carriers other than above may also be used so fong as they do not hinder the 
deveioEHnent of the enzyma^c reactivity. 

Further, as the amount of lipase immobilized on the ImmoifcHtizIng carrier, it is preferred that a protein 
from 0* 1 to 500 mg is immobilized to one gram of the immobilizing carrier and, In particular, a protein 

30 containing about 1 to 50 % by weight of lipase in the protein is suitably immobilized. 

The amount of the thermostable Immobilized iipase used has no particular restrictions, although the 
amount can preferably be from 0. 1 to 10,000 parts by weight, more preferably, from 1 to 2,000 parts by 
weight based on 100 parts by weight of Uie fatty add or its ester. 

In the present Invention, an enzymatic reaction of the fatty acid or Its est^ or a giyceride oil or fat with 

35 the polyoi by using a thermostable immobilized lipase is conducted under the presence of a secondary or 
tertiary alcohol The secondary or the tertiary aicohol can easily dissolve the fatty acid or its ester, the 
gi^eride oH or fat and the polyoi, and a polyoi fatty acid monoester can be synthesized efficiently by 
conducting the reaction under the presence of the secondary or the tertiary alcohol. 

As the secondary or the tertfary alcc^l, tf^re can be mentioned, for example, 2, 4-dimethyi-3-pentanol, 

40 2,e-dimethyl-4-heptanol, tertiary butyl alcohol, tertiary amy! alcohol, diacetone alcohol, 3- methyl-3-pentanol, 
3-ethyl-3-pentanol, 3-propyl-3-pentanol, 2-methyl-2-hexanoL and 2-ethyf-2-hexanol. The alcohols may be 
used singly or in combination of two or more of them. 

The amount of the secondary or the tertia-y alcohol used depends on the Idnd of the secondary or 
tertiary alcohol used, carton chain length of the ester, the kind of the glycende oil and fat ^ kind of the 

45 polyol, reaction temperature, etc. and preferably, It is from 10 to 99 % by wefght, in particular, 60 to ^ % 
by wefght of the entire reaction system* If the amount of the secondary or the tertiary aicohoJ used is less 
than 10 % by weight it can not sufficiently dissolve ttie fatty acid or its ester, giyceride oil or fat and poiyol 
and it may be difficult to synthesize a polyol fatty acid monoester efficiently, if it exceeds 99 % by weight, 
me concentration of me substrate (fatty acid or its ester, giyceride oil or fat and polyol) rela^ve to the 

60 solvent Is lowered to result in the reduction of the enzymatic reaction rate* 

Further, In the present invention, otlier organic solvents than the secondary or the tertiary alcohol 
described above may be mixed together within such a range as not hindering the reaction of me present 
invention. In this case, there can be mentioned, as other organic solvents, for example, aromatic hydrocar- 
bons such as benzene, toiuene, xylene and phenol, Icetones siKti as acetone, allf^atic hydrocarbons such 

55 as n-hexan© and iso-octane, cyctoaliphatic hydrocarbons such as cyciopentan© and cyclohexane. ettiers 
such as dimethyl ether, diethyl ether and dioxane, and haiogenated hydrocarbons such as carbon 
tetrachloride and chloroform. Although nitrogen-containing solvents such as pyridine, dimethyl formamlde 
and quinoline and sulfoxide solvents such as dimethyl sulfoxide can homogenize the reaction system, they 
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may somotlme roduce the enzyme stafoifity of lipase and, accordingly, it is preferred not to mix them as the 
solvont In the present invention. 

(n the process for producing a polyol fatty acid monoester according to the present invention, a 
thermostable Immobilized lipase Is acted under the presence of a secondary alcohol and/or tertiary alcohol 
on a mtxbire of a saturated or unsaturated fatty acid having 6 to 22 carbon atoms, an ester of such a fatty 
acid and a lower alcotiol having t to 3 carbon atoms or a glycerol oil or fat comprising the fatty acid 
described above as the ccwistituent fatty acid» and ttie polyol as detined above. 

Upon enzymatic reaction by using a thermostable immobilized lipase, reaction conditions can be 
adjusted properly. It Is preferred that the reaction is conducted at a temperature higher than 40 C, more 
preferably 40 to 60*C and the reaction can be completed within a short period of time of abmJt 0.5 to 10 
hours by conducting the reaction under such a temperature condition. 

Further, upon producing a polyol fatty acid monoester by the process according to the present 
invention, it can be conducted by adopting, for example, a method of passing liquid substrate Into a column 
packed wi^ an immobilized lipase (packed column system), a method of Introducing a liquid substrate and 
m immobilized enzyme into a reaction vessel and then conducting reaction by stirring and shaking 
(batchwise system), a me^od of continuously conducting the reaction by a batchwise system (continuous 

stirring vessel system), etc, , u t 

In the process according to the present Invention using a fatty acid or Its ester, water or lower alcohof 
with 1 to 3 carbon atoms is by-produced by the enzymatic reaction, in which it is preferred to remove the 
by-f^oduots such that the concentration of the by-products In the system Is less than 0,5 % by weight and, 
particularly, less th^ 1 % by weight, for efficiently proceeding the reaction. As a method of removing the 
byproducts, there can be mentioned, for example, a method of removing by adsorption using zeolite, 
molecular sieve or sodium sulfate, a method of introducing dry afr or inert gas into a reaction vessel and 
removing the byproducts by evaporization into gases, or a method of reducing the pressure in the reaction 
vesseJ and then evaportzing the by-products out of the reaction vessel. By properly combining the removing 
method with the enzymatic reaction device as described above, synthesis reaction can be conducted at 

high efffciency. ^ . *u 

On the other hand^ water and lower afcohol having 1 to 3 carbon atoms are not byi^roduced in the 

reaction process using a glyceride oil or fat. However, if the substrates and solv^ts contain much water, it 

is desirable to keep the water content In the reaction system to less than 03 % by weight preferably, 0. 1 

% by weight, in order to prevent hydrolysis of glyceride oil and fat by lipase. 

After the completion of the reaction, a polyoJ fatty acid monoester in the reacUon products can be 

separated and collected by a customary method. 

The present invention will be described more specifically referring to examples but *e Inven^cm is not 

restricted wiEy to the following examples. 



Example 1 



Thermostable test for various lipases 

Various kinds of powdery lipases were dissolved eadi by 50 mg into 0,4 m! of a phosphoric add buffer 
(0. 1 M. pH 7) and then heated at 70* C for 30 min. After cooling It with chilled water, it was dissolved to 5 
g of glycerol to which 0.6 g of oleic add was added and an enzymatic reaction was corKjucted at 30 C fcH* 
one hour. After the reaction was over, 20 ml of an acetone/ethanol solution (volume ratio « 1 : 1) gas added 
to terminate the enzymatic reaction. As a blank, a not-heated aqueous lipase solution was used and an 
enzymatic reaction was conducted m parallef. 

After terminating ^e enzymatic reaction, it was titrated w«th a 0, 1 M etJianol/potassium hydroxide 
solution and the enzymatic activity was caicuiated based on the redtKstiwi of the fatty acid and the relative 
activity before and after the heating was determined according to the foltowing equation: 



Enzymatic activity 

^ ^ * . V after heating ^ 

Relative activity {%) = = — ^, X 100 

Enzymatic activity 

before heating 
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Ester synthesizing pgrformance of various immobilized lipases in solution 

To a mixture of 1 g (3.6 mM) of oleic acid and 0,98 g {10.5 mU) of glycerol, were added 5 ml of tertiary 
butyl alcoliol and, furtlier, 100 mg of each of lipases shown in Table 1 immobilized into a porous acrylic 
resin. Then. 1 g of molecular sieve 3A (manufactured by Wsrito Junyaku Co.) was added as a dehydrating 
agent and reacted at 60" C for Q hours under stirring. After the reaction was over, it was filtered under a 
reduced pressure to remove the immobilized lipase and the motectflar sieve 3A. The reaction filtrate was 
titrated with 0. 1 M ethanol/potassium hydroxide solution and the ester synthesizing rate was calculated 
based on the reduction of oleic acid in accordance with the following equation; 



10 



Oleic acid Oleic acid 

Ester before _ after 

synthe- enaymatic ensymatic 

'5 . » reaction fa) reaction (a) 

Sluing - i. OTS^cxi^A* \^ L gqy^vxw ^ 

rate Oleic acid before enzymatic 

(%) reaction (g) 



20 



2$ 



00 



3S 



40 



45 



SO 



56 



The results are shown together tn Table 1 . 
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Table 1 



lipase 


Relative 
activity (%) 


Ester 
synthesis rate 
(%) 


Origin 


Commercial name (manufacturer's 
name) 




SD-3S2 /NOVO Oo^ 


98 


96* 


iviucor rnisnsi 


1 fni^r'vmo ^NOVO Co,\ 


95 


S3** 


Mucor sp 




0 


0 


Mucor sp 




0 


0 


WJucor sp 


5P"*TVV ^tNVjV^y \^Kf^} 


0 


10 


Rhizodpu$ delemer 




6 


26 






0 


0 






0 


17 






0 


0 


Cai^ida rugossi 


Upase MY (Meito Sangyo Co., Ltd,) 


0 


0 


Candida rugosa 


Lipase DF (Meito Sangyo Co,, Ltd,) 


3 


0 


Alcaligenes sp 


Lipase PL (Meito Sangyo Co., Ltd.) 


11 


31 


Pseudomonas tluorescens 


Lipase P (Amano Seiyaku Co,, Ltd.) 


^ 


21 


Pentclliium aurantiogriseum 


Upase G (Amano Seiyaku Co., Ud.) 


0 


0 


Aspergillus nlger 


Upase AP (Amano Seiyaku Co.. Ltd.) 


0 


0 


Rhizopits sp 


S^ken (Osaka Saikin Laboratory) 


0 


0 


Rhteopus japonicus 


Saiken (Osaka Sajkin Laboratory) 


0 


0 


/^tirobacter sp 


BSL (Godo Shusel Co., Ltd.) 


0 


0 


Rhizopus arrhizus 


Lipase (Sigma Co,) 


0 


0 


Porcine pancreas 


Upase (Sigma Co.) 


0 


0 



*: Refer to Example 2, 
Ref^r to Example 18 



From the result shown in Table 1» It can be seen that Upase sp-382 derived from Candida antarcUca 
and Llpo2yme derived from Mucor mtehel, being immobilized, have excellent heat resistance and can attain 
a high ester synthesis rate at 50* C which is relatively high reaction temperaftire for ttie lipase reaction and 
in a shorter peiiod of time. 



5a Example 2 

After adding 5 ml of tertiary butyi alcohol and, further, 100 mg of thermostable lipasederived from 
Candida antarctica immobilized on an acrylic resin (hereinafter referred to as Immobilized lipase sp-382) to 
a mixture of 1 g (3,54 mM) of oleic add and 0,98 g (10.6 mM) of glycerol, 1 g of molecular sieve 3A was 
55 added as a dehydrating agent and reacted at 60* C for 6 hours under stirring. After the reaction was over, it 
was tittered to remove the immobilized lipase sp*382 and the molecular slev^ 3A. 

Then, 10 til of reaction filtrate was taken into 1 ml screw tube, to which were added 40 ml of 
pyridine and. further, 50 ixi of pyridine Incorporated with n-tetradecane as an Internal standard material (20 
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mg/ml) and 200 M of N^O^bisCtrimethylsiiyl) trifluoroacetoamido as a siiyfating ageat and they were reacted 
while being kept stationary at 70 to 80* C for 30 min. den 1 ii\ of the reaction solutlcNn was analyzed on gas 
chromatography to nr^easure-the percent by weight of unreacted fatty add and syntiiesized glycerol 
monoester, diester and triester In the oil, the ester synthesis ratio was 96,0%, the reaction product 
6 contained 86.9% of glycerol monooleala said 9.0% of glycerol dioleate, no glycerol trideate being detected. 



Example 3 

70 1,05 g (3,54 mM) of methyl oleate, 0.98 g (10.6 mM) of glycerol, 5 ml of tertiary butyl alcoholi 100 mg 
of immobilized lipase 3p-382 and 1 g of molecular sieve 5A were taken into a 30 ml volume Erlenmeyer 
Hask, whfd> were shaken at 70* C for 6 hoiB^ to react and then processed in the same procedures as tiiose 
in Example 2 to analyze glycerol ester As a result the ester synthesis ratio was 98.2% and the reaction 
product contained 88,9% of glycerol monooieate and 9,3% of glycerol dk)leate. 

Example 4 

1. 10 g (3.54 mM) of ethyl oleate, 0,98 g {10.6 mM) of glycerol, 5 ml of tertiary butyl afoohol 100 mg of 
20 immobilized lipase sp-382 and 1 g of molecular sieve 5 A were taken into a 30 ml volume Erlenmeyer flask, 
which were shaken to react at 90* C for 3 hours and then processed and analyzed In the same procedures 
as those rn Example 2, As a result the ester synthesis ratio was 99. 1% and the reaction product contained 
89.6% of glycerol mcsiooleate and 9,5% of glycerol dioleale. 

25 

Example 5 

1,05 g (3.54 mM) of methyl oleate. 6 ml of tertiary butyl alcohol, 100 mg of immobilized lipase sp-382 
and 1 g of molecular sieve 5A were charged Into 30 ml volume Erlenmeyer flasks to which glycerol was 
30 added each in an amount of 0.38 g (3,54 mM), 0.98 g (10.B mM) and 1.63 g (177 mM) respectively, and 
they were reacted at 50- for 8 hours. After the reaction was over, the Ingredient contents for the unreacted 
methyl oleate and ^e synthesized glycercil oleate were determined. The results are shown In Table 2. 

Table 2 

35 



Glycerol/methyl 
oleate (molar ratio) 


Ester synthesis 
ratio (%) 


Ingredient ratio {%) 






Glycerol 
monooieate 


Glycerol 
dioleate 


Glycerol 
trioleate 


Methyl 
oleate 


1 


93.5 


74.8 


18.7 ' 


0 


5,5 


3 


96.3 


88,0 


8,3 


0 


1.7 


5 


97.0 


88.3 


8.7 


0 


0.9 



From the results shown In Table 2. it can be seen that the ester synthesis ratio and the content of 
glycerol monooieate are improved along with the increase of the molar ratio of glyceroi/methyl oleate. 

50 

Examples 6 and 7 

0.99 g (3.54 mM) of iinollc actd. 0.98 g (10.6 mM) of glycerol, 10 ml of tertiary butyl alcohol, 100 mg of 
66 Immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml voltmne Edenmeyw flask 
and then reacted at 50*0 for 6 hours under shaWng. As a result, the ester synthesis ratio was 96.3% and 

Uie reaction product contained 86,4% of glycerol monolinorate and 9.8% of glycerol dllinorate. 

When the same reaction as described above was conducted except for replacing linolic acid with 
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aradiidonlc acid, the estor synthesis ratio was 94.6% and the reaction product contained 91,5% of glycerol 
rrwnoester and 3.2% of glycerine diester. 



s Exampte 8 

0.96 g (3.54 mM) of methyl pa!mitat©» 0.98 g (10,6 mM) of glycerol. 7 ml of tertiary butyl alcohol* 100 
mg of immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume 
Erlenmeyer flask and then reacted at 50* C for 6 hours under shaking. As a result, the ester synthesis ratio 
to was 96.0% and the reacticMi pH-oduct contained 8a3% of glycerol m(Kiopalmitate and 7.7% of glycerol 
dipaimltate. 



Example 9 

0 81 g (3.54 mM) of myristrc add, 0,98 g (10.6 mM) of glycerol. 3 ml of tertiary butyl alcohol, 1 00 mg of 
Immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume Erlenmeyer flask 
and then reacted at 60'C for 4 hours under shaking. As a result, the ester synthesis ratio was 96.4% and 
the reaction product contained 85,0% of glycerol monomyristate and 11.4% of glycerol dimyrlstate. 



Example 10 

0.76 g (3,54 mM) of methyl laurate, 0.98 g (10,6 mM) of glycerol, 5 ml of tertiary butyl alcohol. 100 mg 
of ImmobiliEsd lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume Erlenmeyer 
flask and then reacted at 60* C for 4 hours under shaking. As a result, the ester synthesis ratio was 96,2% 
and the reaction product contsuned 83.8% of glycerc)! monolaurate and 12.5% of glycerol dilaurats. 



$0 Example 11 

0.61 g (3,54 mM) of captic acid, 0.98 g (10.6 mM) of glycerol, 5 ml of tertiary butyl alcohol, 100 mg of 
immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged Into 30 ml volume Erlenmeyer flask 
and then reacted at 70* C for 4 hours under shaking. As a results the ester synthesis ratio was 97, 1% and 
55 the reaction product contained 85.2% of glycerol monocaprate and 1 1 ^% of glycerol dicaprate. 



Example 12 

0 46 g (3.54 mM) of methyl capronate, 0.98 g (10. 6 mM) of glycerol, 5 ml of tertiary butyl alcohol 100 
mg of Immobilized lipase sp-382 and 1 g of molecular sfe\^ 3A were charged Into 30 ml volume 
Erlenmeyer flask and then reacted at 70*^ C for 4 hours under shaking. As a result, the ester synthesis ratio 
was 97.2% and the reaction product contained 83,7% of gfyceroi monocapronat© and 13.6% of glycerol 
dicapronate. 



Example 13 



0 76 g (3.54 mM) of pentadecanoic acid, 0.98 g (10.6 mM) of glycerol, 5 ml of tertiary butyl alcohol, 100 
so ml of immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume Erlenmeyer 
flask and then reacted at 50 ' C for 6 hours uncfer shaking. As a result, the ester synthesis ratio was 97.6% 
and the reaction product contained 88.2% of glycerol monopentadecanoate and 9.4% of glycerol dipen- 
tadecanoate. 



Example 14 

1.05 g (3. 54 mM) of methyl oleate, 0.98 g (10.6 mM) of glycerol, 5 ml of diacetone alcohol. 100 mg of 



9 



EFO407S69 A2 



rmmobilized lipase sp-3B2 and 3 g of molecular sieve 5A were charged Into 30 mt volume Erienmeyer flask 
and men reacted at 40* C for 24 hours under shaking* As a result, the ester synthesis ratio was 94.7% 
me reaction product contained ^.5% of glycerol monooleate and 8.3% of glycerol dioleate. 

5 

Examples 15 and 16 

1.05 g (3.54 mM) of nnethyl oleate, 0.98 g {10.6 mM) of glycerol, 10 ml of 2, 4-dimethyl-3-pentanol, 100 
mg of immobilized lipase sp-SBa and 1 g of molecular sieve 3 A were charged into 30 ml volume 
w Erfenmeyer flask and then reacted at 50* C for 6 hours under shaking. As a result, the ester synthesis ratio 
was 93,2% and the glycerol oleate contemned 84.7% of glycerol mooleate and 8.4% of glycerol dioleate. 

When me same reaction as described above was conducted except for replacing 2,4'dimethyl-3- 
pentanol with 3-methyt-3''pentanol, the ester synthesis ratio was 940% and the reacticm prcKfuct contained 
85.1% of glycerol monooleate and 9.0% of glycerol dioleate. 



Example 17 

0.9B g {3.54 mM) of methyl palmitate, 0.98 g (10.6 mM) of glycerol, 2.5 ml of tertiary butyl alcohol, 2,5 
20 ml of diacetone aicohof» 100 mg of immobilized lipase sp-382 and 1 g of molecular stave 5A were charged 
into 30 ml volume Erlenmeyer flask and then reacted at 60*C for 5 hours under shaking. As a result, the 
ester synthesis ratio was 94.7% and the reaction product contained 85.9% of glycerol monopalmltate and 
8,7% of glycerol dipatmitate. 

25 

Example 18 

0:96 g (3.54 mM) of methyl palmltate, 0.98 g (10,6 mM) of glycerol, 4 ml of tertiary butyl afcohol. 1 ml 
of hexane, 100 mg of immobilized lipase sp-382 and 1 g of molecular sieve 5A were chsa^d Into 30 ml 
30 volume Erlenmeyer flask and then reacted at 60'C for 5 hours under shaking. As a result, the ester 
synthesis ratio was 92.9% and the reaction product contained 81.3% of glycerol monopalmltate and 1 1.6% 
of glycerol dipalmttate. 

35 Ex£umple 19 

1 g (3.54 mM) of oleic acid, 0.98 g (10,6 mM) of glycerol. 5 ml of tertiary butyl alcohol, 100 mg of 
thermostable lipase derived from Mucor miehei and immobilized into a phenoMormalin resin (Lipozyme) 
and 1 g of molecular sieve 5A were charged into 30 mt volume Edenmeyer flask and then reacted at 50* C 
40 for 6 hours under shaking. As a result, the ester synthesis ratio was 82.4% and the reacticm fwroduct 
contained 75.7% of glycerol monooleate and 6.7% of glycerol dioleate. 



Example 20 

46 

0.76 g (3.54 mM) of methyl laurate. 1.37 g (7,08 mM) of sodium glycerol monosulfbnate, 5 ml of 
diacetone alcohol, 100 mg of immobilized lipase sp-382 and 1 g of molecular sieve 5A were charged Into 
30 mt volume Erlenmeyer flask and then reacted at 50*C for 6 hours under shaking. As a result, the ester 
syntheds ra^o 95.0% and the reaction product contained 93-8% of ^ycerol sulfonate monolaurate and 
50 1 .2% of glycerol sulfonate dIEaurate. 



Example 21 to 23 

55 1 g (3.54 mM) of olefc acid, 0.58 g (3.54 mM) of diglyceroi, 5 ml of tertiary butyl alcohol, 100 mg of 
Immobilized lipase 5p-'3a2 and 1 g of molecular sieve 3A were charged into 30 ml volume Erlenmeyer flask 
and then reacted at 50 for 8 hours under shaking. As a result, the ester synthesis ratio was 98.8%. 
diglyceroi monooleate was 88.4% and diglyceroi dioleate was 8.4%. 
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When the same reaction as described above was conducted except for replacing diglycerol wrth 1.12 g 
(3,54 n)M) of tetraglycerol cmt 2,88 g (3.54 mM) of decaglycerol, «ie ester synthesis ratios were 97.5% and 
96.7%, respectively, 

s 

Example 24 

0.91 g (3,54 mM) of palmitic acid, 2.69 g (3,S4 mM) of decagiycarol. 5 ml of diacetone alcohol. 100 mg 
of immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume Erienmeyer 
TO flask and reacted at 50* C for 6 hours. As a result Uie ester synthesis ratio was 96. 1%. 



Examples 25 to 30 

75 1.05 g (3.54 mM) of methyl oleate. 2,69 g (3.54 mM) of decaglyceroi, 5 ml of tertiary buiyi alcohol, 100 
mg of rmmobillzed lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume 
B^lenmeyer flask and then reacted at 60' C for 6 hours under shaking. As a results the ester synthesis ratio 

was 98.7%. 

When th& same reaction as described above was conducted except for replacing methyl oleate with 
20 1.06 g (3.54 mM) of memyl stearate, 0,96 g (3.54 mM) of palmitic acid. 0.86 g (3,54 mM) of methyl 
myristate. 0.66 g (3.54 mM) of methyl capronate, 0,46 g (3,54 mM) of methyl capronate. The ester 
syn^is ratios were 97.4%, 96.8%, 98.2%. 98.5% and 99.1%, respecUvefy. 



Z5 Example 31 

1g (3,54 mM) of oleic acid, 0.81 g (10.6 mM) of propylene glycol, 5 ml of tertiary butyl alcohol, 100 mg 
of Immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged into 30 ml volume Erienmeyer 
flask and then reacted at 50* C for 6 hours urKler shying. As a result, the ester synthesis ratio was 93.7% 
30 and the reaction product contained 92. 1% of propylene glycol monooieate and 1.6% of propylene glycol 
dioieate. . 

Example 32 

33 

0.99 g (3.54 mM) of iinoleic acid, 0.81 g (10.6 mM) of propylene glycol, 5 mt of diacetone alcohol, 100 
mg of Immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged Into 30 ml votyme 
Erienmeyer flask and then reacted at 60** C for 6 hours under shaking. As a result* the ester synthesis ratio 
was 94.1% and reaction product contained 93.0% of propylene glycol monollnoleate and 1,1% of 
40 propylene glycol dillnoleata. 



Example 33 

1.06 g (3.54 mM) of methyl stearate, 0.27 g (3.54 mM) of propyls glycol. 5 ml of tertiary butyl 
alcohol, 100 mg of Immobilized lipase sp-382 and 1 g of molecular sieve 3A were charged Into 30 ml 
volume Erienmeyer flask and then reacted at 70 for 4 hours under shaking. As a result, the ester 
synthesis ratio was 89.1% and the reaction product contained 81.1% of propylene glycol monostearate and 
8,0% of propylene glycol distoarate. 



Example 34 

0.81 g (3.54 mM) of myrlstic acid. 0.81 g (10,6 mM) of propylene glycol, 2.5 ml of tertiary butyl alcohol, 
55 2.5 ml of diacetone alcohol, 100 mg of immctiilized lipase sp-382 and 1 g of molecular sieve 3A w^e 
charged Into 30 ml volume Erienmeyer flask and then reacted at 50- for 6 hours undw shaking. As a result, 
the ester synthesis ratio was 92.8% and the reaction product contained 90,7% of pr<^ylene glycol 
monomyristate and 2.1% of propylene glycol dimyristate. 
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Example 36 



Heat resistance test for various lipases 

s 

After dissolving 50 mg of each powdery lipase shown in Table 3 Into 0.4 ml of a phosphoric acid buffer 
(0, tM, pH 7), it was heated at 70* C for 30 min. After cooyng the solu^on with cold water, it was diluted 
with the sarrte buffer solution to prepare an enzyme solution sample. 

Then, 1 ml of the enzyme soiutlon sample was mixed with 6 mi^ of a substrate solution (40% olive oil 
TO emulsion solution) and an enzymatic reaction was conducted at 30 * C for 30 min. After the reaction was 
over, 10 ml of ethanol/acetone/0. 02 mol ^DTA (volume ratio « 1/1/1) solution was added to terminate the 
enzymatic reaction. As the blank, not^ieated aqueous lipase soludon was used and the enzymatic reaction 
was conducted in parallel. 

After the enzymatic reaction was over, it was titrated with 0.026N sodium hydroxide sohition* the 
IS enzymatic activity was calculated based on the amount of free fatty acid and the reiafive activity before and 
after the heating was determined by using the foifowing equation: 

Enzymatic activity ^ 
20 Relative after heating , 

activity ^ — x 100 

(?S) Enzymatic activity 

before heating 

25 

Ester exchanging perfbnnnar^ce of various immobiiized Upases in ttie solution 

30 To a mixture of 1,56 g (1.79 mM) of triolein and 0.99 g {10.74 mM> of gfycerof, were added 10 ml of 
tertiary butyl alcohol and» further, 100 mg of each kind of lipases shown in Table 1 immobilized to a porous 
acrylic resin ar^d they were reacted at 60* C for 4 hours under stirring. After the reaction was over, It was 
centrlfugaly separated to remove ^e immobrliEed lipase. 

Then. 20 ix! of ^e reaction filtrate was charged Into 1 ml of a screw tube, to whldi were added 30 til of 

3S pyridine and, further. 50 mf of pyridine Incorporated with n-tetradecane as an internal standard mat^al (20 
mg/ml) and 200 al of bfs(trlmethylsllyl)trlfluoroacetoamfde as a silylating agent and they were reacted being 
kept stationary at 70 to 80* C for 30 min. 1 ix\ of the reaction solution was analyzed on gas chromatography 
and the percent by weight of glycerol monoester, diester and friester in the oil were measured to calculate 
the glycerd monoester content as the ester exc^nge ratio. 



40 



4$ 



50 



ss 



Ester Amount of monoester (mg) x 100 

exchange = Amount Amount Amount 

ratio of mono-^ r of di- , of tri- 

(%) ester ^ ester ~ ester 

(mg) (mg) (mg) 



Tlie fbregomg results are shown together in Table 3. 
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Table 3 



Lipase 


Retattve 
activity (%) 


cster 
exchange rate 
(%) 


Origin 


vrurniTiQiVrJal IkIiTio ^niculUicftilUlttf 9 

name) 


Candida antarctica 


sp-382 (NOVO Co.) 


100 


89 


Mucor miehei 


Upozyme (NOVO Co,) 


97 


75 


Mucor sp 


sp-SSS (NOVO Co,) 


4 


7 


Mucor sp 


sp^3^ (NOVO Go.) 


7 


5 


Mucor sp 


Sp-4(H) (NOVO Co.) 


0 


4 


Rhizodpus detemer 


Lipase (Serkagaku Kogyo Co., Ltd.) 


13 


11 




Lipase (Nagase fndustTtat Co., Ltd.) 


12 


0 




Lipase (Toyo Jozo Co., Ltd.) 


5 


8 




Talipase (Tanabe Seiyaku Co., Ltd,) 


0 


0 


Candida rugosa 


Lipase MY (Metto Sangyo Co,, Ltd.) 


18 


0 


Candida rugosa 


Lipase DF (Melto Sangyo Co., Ltd.) 


23 


0 


Alcaligenes sp 


Lipase PL (Meito Sangyo Co.. Ltd.) 


16 


12 


Pseudomonas fluorescens 


Lipase P (Amano Seiyaku Co., Lid,) 






Peniddium atffantiogriseum 


Lipase Q {Amano Seiyaku Co*» Ltd.) 


5 


0 


Aspergflliis nlger 


Upase AP (Ameno Seiyaku Co** Ltd.) 


10 


0 


Rhizopus sp 


Salken (Osaka SaiKin LaiDoratory) 


0 


0 


Rliizopus Japonlcu$ 


Saiken (Osaka Saikin Laboratory) 


0 


0 


Arthrobacter sp 


BSL (Godo Shusei Co., Ltd.) 


12 


0 


Rhfzopus arrtilzus 


Lipase (Sigma Co.) 


8 


0 


Porcine pancreas 


Lipase (Sigma Co.) 


0 


0 



From the result shown in Table 3, it can be seen that Lipase sp-382 derived from Candida antarctica 
and Lipozyme d^ved from Mucor mteh^, being immobMized, have excellent lieat resistance and can attain 
a high ester synthesis ratio at 60 'C, whteh Js a relatlveSy high reaction temperature for the lipase reacdon 
and in a shorter period of time. 



Example 36 

1, 60 g (1. 79 mM) of tristearin, 10 m\ of diacetone ateohol and 1{X) mg of immobilized lipase sp382 
were charged into 30 mt volume Erienmeyer flask, to which glycerol was added each in an amount of 0.33 
g (3.58 mM), 0. 99 g (10.74 mM), 1, 65 g (17. 90 mM), respectively and they were reacted at 50* 0 for 5 
hours. After the reaction was over, monostearin and distearin formed in the ester exchanging reaction and 
unreacted tristearin were analyzed on gas chromatography and of the ingredient contents was 
determined. The results are shown in Table 4. 
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Table 4 



G{yc©rof/triste^in 
(moiar ratio) 


Ingredient ratio {%) 


iviortostearin 


Dtstsarln 


Tristearin 
(unreacted 
product) 


2 


73,3 


25.3 


1.4 


6 


90.1 


9.8 


0 


10 


904 


9,6 


0 



IS 

From ti^e results of T^le 4, it can be seen that the content of monostearin is increased abng with the 
increase rn the molar ratio of giycerof/tristeadn. 

Fatty acrd (stearic acid) formed by hydrolysis was less than 0,5% in each of the cases. 

20 

Example 37 

0,99 g (10.74 mM) of giycerol, 7 ml of tertiary butyl alcohol and 100 mg of imnnobllized lipase sp-382 
were charged Into 30 ml volume Erlenmeyer flask, to which gtycerfde oils and fats shown In Table 5 were 
25 added each by 1,5 g respectively and they were reacted at 70* C for 3 hours. After the reaction was over, 
glycerol monoester and giycerol diester formed rn the ester exchanging reaction and unreacted glycerol 
trlester (giyceride oil and fat) were analysed on gas chromatography to determine eadi of the ingredient 
contents. The results are shown in Table 5. 

From ^ resufts of Table 5, it car* be seen that the monoester can be produced in an extremely shorter 
30 period of time for the enzymatic reacyon and at a high content in each of the cases of using animal and 
vegetable oils and fats by using the process of the present Invention. 
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Table 5 



5 



TO 



t5 



26 



30 



3S 



Oil and fat 


Ingredient ratio (%) 


Glycerol 
monoester 


Glycerol 
diester 


Glycerol trie^ter 
(unreaction product) 


Safflower oil 


87.4 


12.6 


0 


Soybean oil 


83.7 


12.9 


3.4 


Soybean germ oil 


84.1 


13.0 


2.9 


Wheat oil 


85.8 


12.5 


1.7 


Sesame oil 


S7.2 


11.9 


0.3 


Com oil 


86^ 


12,7 


1.3 


Rape seed oil 


85,5 


10.3 


3.7 


Olive oi! 


84.3 


12.5 


3.2 


Castor oil 


85,8 


11.8 


2.4 


Palm olJ 


89.0 


11.0 


0 


Palm hernei oil 


90.2 


9.3 


0 


Coconut oil 


88.9 


11.1 


0 


Cotton seed oil 


88.6 


11.4 


0 


Beef tallow 


89.7 


10.3 


0 


Lard 


89.1 


10.7 


0 


Morse tallow 


87,5 


10.9 


1.6 


Mackerel oil 


82,3 


13.4 


4.3 


Sardine oil 


85.1 


12.2 


2.7 


Saury oil 


83.9 


12.6 


3.5 



40 Example 38 

1.56 g (1.78 mM) of triolein. 0.81 g (10.74 mM) of propylene glycol, 10 ml of 2Adimethyl-3-pentanoi 
and 100 mg of Immobilized lipase (LIpozyme) were charged into 30 ml volume of Erlenmeyer flask and 
they were resKJled 50* C for 6 hours. After the reaction was over, monc^ter and diester formed in the ester 
45 exchanging reaction and unreacted triester (triolein) were analyzed. 

As a result, glycerol monoolein was 25.0% fxopyl^e glycol monoolein was 66.0%, glycercrf diolein was 
9.1% propylene glycol dlolein was 0% and triolein was 0%. Oleic acfd was not detected. 



60 Example 39 

1.56 g (1.79 mM) of triolein, 25 ml of tertiary butyl alcohol and 100 mg of Immobilized lipase sp-382 
were charged Into 30 ml volume Erlenmeyer flask, to which 1.77 g (10.74 mM) of diglycerof, 3.37 g (10.74 
mM) of tetraglycerol and 8.09 g (10.74 mM) of decaglycerol were added respectively and they were reacted 
56 at 60' C for 6 hours. After the reaction was over, monoester and diester formed in the ester exchanging 
reaction and unreacted triester (triolein) were analyzed. The results are shovw in Table 6. 
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Table 8 



Polyglycerol (average 
polymerization degree) 


tngradient ratio CA) 


Giyceroi 
monooleate 


Polyglycerol 
monooleate 


Glycerol 
dioleate 


Polyglycerol 
dioleate 


Triolein 
{unreacted 
products) 


Diglycerot (2) 


14.2 


80.0 


2.0 


6.9 


0 


Tetraglycerol {4} 


11,2 


78.7 


1.9 


6.3 


1.9 


Decagiyceroi (10) 


14,8 


70.2 


1,5 


4.8 


8.7 



Exami:^ 40 

20 As shown in Rg. 1. 1 g of ImmobiEfzed lipase sp-382 {denoted by 2 sn the figure) was packed in a 
jacketted column t with 6 mm inner diameter and 110 mm length to prepare an enzyme column. Glass 
wools 3,3 wore packed respectively In the inlet smd the outlet of the enzyme column, which was fixed 
vertically and wami water 5 at 50* C was circulated tfvough a jacket portion 4 to keep ^© temperature of 
the enzyme column at 50* C. 

25 Then, a substrate solution 6 at a glycerol concentration of 100 g/l and an olive oil concentration of 150: 
gll was introduced by using tertiary butyl alcohol as a solvent into the enzyme column from below the 
enzyme column by using a pump 7 at a flow rate of 60 ml/hr, passed through the enzyme column with a 
stay time of 4 minutes to conduct an enzymatic reactlcm. The resultant reaction solution 8 was drained by a 
pump 9 into a storage vessel. , . 

30 Meanwhile, the reaction solution 8 was periodically sampled and monoester content was measured by 
gas chromatography. The results are shown in Fig. 2. 

From the results of Rg. 2, it was observed that the amount of glycerine monoester in the oil (reaction 
products) was kept at a content of about 85% even after elapse of about 1,500 hours. This proves that the 
enzyn^ activity was kept stable in the enzyme column even after a tong period of time. 

35 

1. A process for produdng a poiyol fatty acid monc^ster in which a thermostable Immobilized lipase Is 
40 acted under the presence of a secondary alcohol and/or teriary alcohol a mixta^e of a saturated or 
unsaturated fatty acfd having 6 to 22 carbon atoms or an ester of said fatty acid with a tower alcohol having 
1 to 3 carbon atoms and a polyol selected from glycerol and its derivatives, polyglycerol and Its derivatives* 
ethylene glycol, polyethylene glycol, propylene glycol, and polypropylene glycol, 

2* The process of claim 1 wherein the thermostable immobilized lipase has such heat resistance as 
45 possessing greater than 40% of the residual activity after dissolving 50 mg of a lipase powder into 0,4 ml of 
a phosphoric add buffer (0.1 M. pH4) and then heafing at 70* C fbr 30 min. 

3. The process of claim 1 or 2 wherein the alcohol selected torn the group consisting of tte secondary 
alcohol and tertiary alcohol is selected from 2,4-dlmethyh3-pentanol, 2.6-dimethyi-4-heptanol. tertiary butyl 
alcohol, tertsary amyl alcohol, diacetone alcohol. 3-mefhy!-3-pentanol, 3-ethyl-3-pentanol. 3-propyl-3i5en- 

60 tanol» 2*methyl-2-hexanol and 2-ethyl-2" hexanoi. 

4. The process of any of claims 1 to 3 wherein the amount of the secondary or tertiary alcohol Is from 10 to 
99% by weight of the reaction system* 

5. The process of any of claims 1 to 4 wherein the mixing ratio of the fatty acid or Its ester and the polyol is 
from 0. 1 to 10 mol based on one mol of the fatty acid or its ester. 

$s 6. The process of any of claims 1 to 5 wherein the reactlcMi is conducted at a temperature of higher than 

40' a 

7. A process for producing a polyol fatty acid monoester In which an ester exchanging reaction Is 
conducted by acting a themnostable immobilized lipase under the presence of a secondary alcohol and/or 



16 



BP 0 407 959 A2 



tertiary alcohol on a mixture of glyceride oil or fat having a saturated or unsaturated fatty acid having 6 to 
22 carbon atoms as a constituent fatty acid and a polyol selected from glycerol and its derivatives, 
polyglyc^rol and its derivatives^ ethylene giycol, polyethylena glycol, propylene glycoi, and polypropylene 
glycol. 

5 8, The process of claim 7 wherein the thern^ostable immobilized lipase has such heat resistance as 
possessing greater than 40% of the residual activity after dissolving SO mg of a lipase powder into 0.4 ml of 
a phosphoric acid buffer (0.1 pH4) and then heating at 70" C for 30 mtn. 

9. The process of claim 7 or 8 wherein the alcohol selected from the group consisting of the secondary 
alcohol and the tertiary alcohol is selected from 2,4-dlm©thyf-3-pentanoh 2,6-dimethyl-44ieptanol. tertiary 

JO butyl alcohol, tertiary amy! alcohol, diacetone alcohol, 3-methyi-3-pentanol. S-ethyl-S-pentanoU a-propyl-3- 
pentanol. 2-methyl'2-hexanoi and 2*ethyh2-hexanoi, 

10. The process of any of claims 7 to 9 vyrfierein the amount of the secondary or tertiary ^cohol is from 10 
to 99% by weight of the reaction system, 

11. The process of any of claims 7 to 10 wherein the mWng ratio of the glyceride fat or oil and ^le polyo! 
IS from 0.2 to 20 mol based on one mol of the fatty acid or its ester. 

12. The process of any of claims 7 to 11 wherein the reaction is conducted at a temperature of higher ttian 
40* C. 
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